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(54) In-line particulate detector 

(57) An in-line particulate detector connprises a 
housing (102) having an inner flow portion. The housing 
(102) is disposed between adjacent portions of pipeline 
(50) to permit a fuel flow from a fuel source (56) through 
the inner flow portion to a fuel consumer (10). A light 
source (104) is positioned within the housing (102) for 
emitting a light beam within the inner flow portion. A first 
photodetector (106) is positioned within the housing 
(102) to detect the full strength of the light beam (110). 
A second photodetector (108) is positioned within the" 
housing (102) to detect low. baseline levels of the light 
beam (110). Circuitry (114) is coupled to first and sec- 
ond photodetectors (106, 108) to monitor the ratio of 
light intensities. When a fuel containing particulates is 
introduced, the light beam (110) is scattered and the 
intensity measured by the second photodetector (108) 
will increase and the intensity measured by the first pho- 
todetector (106) will decrease. 
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Description 

[0001] This invention relates generally to particulate 
detectors and more specifically to in-line particulate and 
liquid droplet detectors for natural gas lines. 5 
[0002] Industrial power generation gas turbine 
engines include a compressor for compressing air that 
is mixed with fuel and ignited in a combustor for gener- 
ating combustion gases. The combustion gases flow to 
a turbine that extracts energy for driving a shaft to power io 
the compressor and produces output power for power- 
ing an electrical generator, for example. The turbine is 
typically operated for extended periods of time at a rela- 
tively high base load for powering the generator to pro- 
duce electrical power to a utility grid, for example, is 
Exhaust emissions from the combustion gases are 
therefore a concern and are subjected to mandated lim- 
its. 

[0003] Low emission combustion systems are 
designed to produce low emissions and high combus- 20 
tion efficiency while burning natural gas fuel that is 
assumed to be free of liquid or solid contaminants. In 
fact, pipeline gas is at times contaminated with con- 
densed liquid hydrocarbons (to varying degrees) as well 
as other solid particulate contaminants. It is highly 25 
desirable to minimize the effects of these contaminants 
on gas turbine combustor performance, either by their 
removal or by robust combustor design. As low emis- 
sion systems have become more prevalent in the field 
and exposed to a variety of natural gas sources while 30 
performing with lower and lower emission goals, the 
presence of varying amounts of liquid hydrocarbons in 
the fuel source has become an increasingly important 
operational issue. 

[0004] The quality of natural gas supplied to gas 35 
turbines is an important variable in turbine performance. 
The principle component of natural gas is methane, 
which typically accounts for over 90% of the mass. 
Other components in natural gas may include heavier 
hydrocarbons, oils and water. In gas turbines equipped 40 
with combustors that premix fuel and air prior to ignition, 
the chemical composition of the gas is particularly 
important because of the potential for ignition to occur 
within the mixing zone. The effect of heavier hydrocar- 
bons and oils in the gas stream is to lower the autoigni- 45 
tion temperature of the mixture. Natural gas with high 
concentrations of these species is more likely to ignite in 
the mixing zone of the combustors than in an intended 
flame holder region. 

[0005] Several approaches have been utilized to so 
detect particulates or droplets in a gas pipeline includ- 
ing, for example, light scattering, acoustics, eddy cur- 
rents, and capacitance methods. Most current 
approaches, however, require a slip-stream of a total 
flow for samples and therefore may not be representa- ss 
tive of the entire flow. Additionally, most current instru- 
ments are rather delicate, expensive and are typically 
not robust enough for long-term application in a gas 



pipeline and cannot be placed directly into a pipeline. 
[0006] Accordingly, there is a need in the art for an 
improved particulate detector 

[0007] In one embodiment of the invention, an in- 
line particulate detector comprises a housing having an 
inner flow portion. The housing is disposed between 
adjacent portions of pipeline to permit a fuel flow from a 
fuel source through the inner flow portion to a fuel con- 
sumer. A light source is positioned within the housing for 
emitting a light beam within the inner flow portion. A first 
photodetector is positioned within the housing to detect 
the full strength of the light beam. A second photodetec- 
tor is positioned within the housing to detect low, base- 
line levels of the light beam. Circuitry is coupled to first 
and second photodetectors to monitor the ratio of light 
intensities. When a fuel containing particulates is intro- 
duced, the light beam is scattered and the intensity 
measured by the second photodetector increases and 
the intensity measured by the first photodetector 
decreases. 

[0008] The invention will now be described in 
greater detail, by way of example, with reference to the 
drawings, in which:- 

FIG. 1 is a schematic, cross-sectional side eleva- 
tion view of a pipeline and an in-line particulate 
detector in accordance with one embodinnent of the 
instant invention: 

FIG. 2 is an enlarged schematic cross-sectional 
side elevation view of an in-line particulate detector 
in accordance with one embodiment of the instant 
invention: and 

FIG. 3 is a schematic, cross-sectional side eleva- 
tion view of a pipeline and a remote in-line particu- 
late detector in accordance with one embodiment of 
the instant invention. 

[0009] A pipeline 50 comprising an inlet 52 and an 
outlet 54 provides fluid communication between a fuel 
source 56 and a fuel consumer 10, for example a power 
turbine as shown in Fig. 1 . A shut off valve 58 is typically 
disposed within pipeline 50. which valve 58 is movable 
between a fully open position and a fully closed position 
to allow or prevent fuel flow, respectively, from fuel 
source 56 to fuel consumer 10. 

[0010] As discussed above, detecting that a proper 
fuel quality is present, prior to combustion within fuel 
consumer 10 is becoming increasingly important. 
[0011] In accordance with one embodiment of the 
instant invention, an in-line particulate detector assem- 
bly 100 is coupled to pipeline 50. Typically, although not 
necessarily, in-line particulate detector assembly 100 is 
embodied within a housing 102. for example a flange, 
that is disposed between adjacent portions of pipeline 
50 to permit a continuous fuel flow 60 from fuel source 
56 to fuel consumer 10. In-line particulate detector 



2 



3 



EP 1 061 356 A2 



4 



assembly 100 may also be directly positioned within a 
sidewall of pipeline 50. 

[0012] In-line particulate detector assembly 100 
comprises housing 102. a light source 104. a first pho- 
todetector 106 and a second photodetector 108, as 
shown in FIG. 2. 

[0013] Light source 104 is positioned within housing 
1 02 so as to enable light source 104 to ennit a light beam 
110 within an interior flow portion 112 of housing 102. 
First photodetector 106 is disposed opposite light 
source 104 so as to be optically coupled with light 
source 104. Typically first photodetector 106 is dis- 
posed within housing 102 opposite and substantially 
normal to light source 104 such that most of the full 
strength of a generated light beam 110 is detected by 
first photodetector 106 when little or no particles or 
other interfering substances are located within interior 
flow portion 1 1 2 of housing 1 02. 

[0014] Second photodetector 108 is positioned 
within housing 102 adjacent to first photodetector 106. 
Second photodetector 108 is angularly offset from the 
normal unimpeded path of light between light source 
104 and first photodetector 106. typically in the range 
between about 10° to about 60*». A key feature of this 
invention Is the placement of second photodetector 108 
slightly offset from light source 104. This offset position 
maximizes the collection of scattered light while retain- 
ing the simplicity of a single photodetector for scattered 
light detection. 

[001 5] ' When little or no particles or other interfering 
substances are present within a fuel flow 60 traveling 
through interior flow portion 1 1 2 of housing 1 02. second 
photodetector 108 will sense a baseline level of light 
reflected from first photodetector 106 and Rayleigh 
scattering from gas molecules within fuel flow 60 (Fig. 
1)^ 

[0016] When particles or other interfering sub- 
stances are present within fuel flow 60 flowing through 
interior flow portion 112(Fig. 2) of housing 102, light 
beam 110 will be scattered by these particles and the 
light intensity reaching second photodetector 108 will 
increase above the baseline level and light intensity 
reaching first photodetector 106 will decrease. The ratio 
of light intensities indicated by first and second photode- 
tectors 106, 108 provides a sensitive measure of the 
presence of particles and the amount of particles in fuel 
flow 60. 

[0017] Typically fuel flow 60 comprises a natural 
gas. for example, methane, or propane, hexane. hep- 
tane, gas derived from coal, or the like. As. discussed 
above, fuel flow 60 flows from fuel source 56 to fuel con- 
sumer 10 through pipeline 50 and interior flow portion 
112 of housing 102. 

[0018] Circuitry 114 is coupled to first and second 
photodetectors 106. 108 to measure the presence and 
quantity of particles when exposed to a fuel flow 60 
between inlet 52 and outlet 54. 

[0019] In one embodiment, circuitry 1 14 Includes a 



power input, an amplifier and a processor for monitoring 
the signals from first and second photodetectors 106. 
108 and generating an output signal. In another embod- 
iment, circuitry 1 14 further comprises an amplifier and a 
5 computer for processing signals and generating a par- 
ticulate level report or display 

[0020] • A control structure is inputted into circuitry 
116. for example, by programming into memory of an 
application specific integrated circuit (ASIC) or is 

10 embedded in the form of algorithms in one or more com- 
puters 119 such as a work station. Other types of com- 
puters can be used, however, such as a minicomputer, 
a microcomputer, or a supercomputer, for example. The 
programming or algorithm performed may be pro- 

15 grammed in C. C++. JAVA, Basic, MATLAB. FORTRAN, 
or other programming languages. 

[0021] If the ratio of light intensities indicated by first 
photodetector 106 and second photodetectors 108 is 
above a setpoint. indicating contamination, circuitry 114 
20 may initiate a .system control. For example, limit fuel 
consumer 10, to low load operation. Additionally if the 
ratio of light intensities rises above a setpoint. circuitry 
1 14 may initiate^an algorithm to look at combustion sys- 
tem anomalies, or. for example, sound an alarm or oth- 
25 erwise alert a system user. 

[0022] While the instant invention is shown con- 
nected to a pipeline 50 for a fuel consumer 10. this 
invention could also be applied to monitor the quality of 
process gases, not necessarily intended for combus- 
30 tion. Additionally the instant invention can be utilized for 
monitoring gas quality at the exit of a cryogenic gas 
processing system; monitoring gas quality at the cus- 
tody transfer point between a gas producer and a gas 
transmission company: monitoring gas quality at the 
35 custody transfer point between a gas transmission com- 
pany and a local distribution company: monitoring gas 
quality at a compressor station used to compress gas 
for natural gas powered vehicles, or the like. 
[0023] Light source 1 04 may comprise a laser diode 
40 light source or the like. The advantage of laser light over 
a collimated beam of non-laser light is the combination 
of low divergence angle with high intensity and relatively 
high electrical efficiency Light can be collimated from a 
conventional light source by spacing two slits far apart, 
45 however, the intensity Is low relative to the power gener- 
ated by the source. 

[0024] Photodetectors 1 06. 1 08 may comprise pho- 
todiodes or the like. The advantage of solid state photo- 
diodes is that they are inexpensive, very compact, and 
so durable. While photodiodes are not as sensitive as tra- 
ditional photomultipler tubes, with proper amplification, 
the sensitivity of photodiodes Is sufficient to sense low 
levels of particles. 

[0025] In one embodiment, a light trap is disposed 
55 adjacent first photodetector 106 to minimize the light 
reflected therefrom. 

[0026] In one embodiment, ball valv-r- 116 and 
sight glasses 118 are disposed between .. jhi source 
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104 and interior flow portion 112 and between each 
photodetector 106, 108 and interior flow portion 112 to 
nnake in-line particulate detector assembly 100 service- 
able in the field without interruption of fuel flow 60. 
[0027] In one embodiment, second photodetector 5 
108 is positioned in close proximity to internal flow por- 
tion 112 of housing 102 to maximize the intensity of 
scattered light reaching second photodetector 108. 
[0028] A remote in-line particulate detector assem- 
bly 200 is shown in FIG. 3. This embodiment is similar in io 
all respects to the in-line particulate detector assembly 
in FIGs. 1 and 2. except that circuitry 114 comprises a 
remote unit for transmitting signals from assembly 200. 
[0029] A remote station 304 provides a communica- 
tion base for interaction with a respective remote unit. 15 
Remote station 304 typically comprises a central inter- 
face 306. a radio frequency (RF) front-end 308. an 
antenna, and user interface related peripheral devices 
including a user interface 312. a display 314. data stor- 
age 316 and a printer 318 for enabling a user to input or 20 
extract relevant information into central interface 306. 
Peripheral devices as defined in this application include 
any device for storing particulate measurement or anal- 
ysis information and intelligibly communicating the 
same to a system user, and include such devices as 25 
printers, hard disk drives, floppy disk drives, cathode ray 
tubes (CRTs) and keyboards. While only one set of 
respective peripheral devices is shown for a respective 
central interface 306. any number of peripheral drives 
may be utilized and are within the scope of the instant 30 
invention. 

[0030] Methods for determining gas quality using 
remote in-line particulate detector assembly 200 are 
previously discussed. 

[0031] Communication between remote station 304 35 
and a respective remote unit is by way of a communica- 
tions system 320, such as a "geo-synchronous" "L- 
band" satellite system, a "Little Leo" satellite system, a 
two-way paging system, a modem connection or any 
communication system capable of two-way communica- 40 
tion between remote station 304 and a respective 
remote unit. 

[0032] For the sake of good order, various aspects 
of the invention are set out in the following ciauses:- 

45 

1. An in-line particulate detector comprising: 

a housing having an inner flow portion, which 
housing is removably disposable between 
adjacent portions of pipeline to permit a fuel so 
flow from a fuel source through said inner flow 
portion to a fuel consumer; 

a light source disposed within said housing for 
emitting a light beam within said inner flow'por- 55 
tion; 

a first photodetector disposed within said hous- 



ing positioned opposite and substantially nor- 
mal to said light source such that substantially 
full strength of an unimpeded generated light 
beam is detected by said first photodetector; 

a second photodetector disposed within said 
housing adjacent said first photodetector posi- 
tioned such that a baseline level of an unim- 
peded generated light beam is detected by said 
second photodetector; and 

circuitry coupled to said first and second photo- 
detector to monitor the ratio of light intensities 
measured by said first and second photodetec- 
tors to indicate the presence of particulate 
within an introduced fuel flow. 

2. An in-line particulate detector in accordance with 
clause 1 . wherein said flow is natural gas. 

3. An in-line particulate detector in accordance with 
clause 1. wherein said flow is selected from the 
group consisting of propane, hexane. heptone, gas 
derived from coal, and methane. 

4. An in-line particulate detector in accordance with 
clause 1. wherein a fuel containing particulates will 
cause a generated light beam to be scattered, and 
the light intensity measured by second photodetec- 
tor will increase above the baseline level and the 
light intensity reaching first photodetector will 
decrease. 

5. An in-line particulate detector in accordance with 
clause 1 . wherein a control structure is inputted into 
said circuitry. 

6. An in-line particulate detector in accordance with 
clause 5. wherein said control structure is inputted 
into said circuitry by programming into memory of 
an application specific integrated circuit. 

7. An in-line particulate detector in accordance with 
clause 5. wherein said control structure is inputted 
into said circuitry by being embedded in the form of 
algorithms in one or more computers. 

8. An in-line particulate detector in accordance with 
clause 7, wherein said computer is selected from 
the group consisting of a workstation, a minicom- 
puter, a microcomputer, and a supercomputer. 

9. An in-line particulate detector in accordance with 
clause 5. wherein said control structure is pro- 
grammed in a language selected from the group of 
0. C++, Basic. MATLAB. and FORTRAN 

10. An in-line particulate detector in csc-- ''-Jance 
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with clause 5, wherein said control structure com- 
prises the method step of: 

comparing the ratio of light intensities meas- 
ured by said first and second photodetectors to 5 
a setpoint ratio. 

11. An in-line particulate detector in accordance 
with clause 10. wherein said ratio of fight intensities 
exceeds said setpoint ratio and said circuitry initi- io 
ates a system control. 

12. An in-line particulate detector in accordance 

with clause 11, wherein said system control is to 
limit a turbine engine to low load operation. 75 

13. An In-line particulate detector in accordance 
with clause 11. wherein said system control is an 
algorithm to look at system anomalies. 

20 

14. An in-line particulate detector In accordance 
with clause 11, wherein said system control is the 
activation of an alarm. 

15. A remote in-line particulate detector compris- 25 
ing: 

a housing having an inner flow portion, which 
housing Is removably disposable between 
adjacent portions of pipeline to permit a fuel 30 
flow from a fuel source through said inner flow 
portion to a fuel consumer: 

a light source disposed within said housing for 
emitting a light beam within said inner flow por- 35 

tion: 

a first photodetector disposed within said hous- 
ing positioned opposite and substantially nor- 
mal to said light source such that substantially 40 
full strength of an unimpeded generated light 
beam is detected by said first photodetector: 

a second photodetector disposed within said 
housing adjacent said first photodetector posi- as 
tioned such that a baseline level of an unim- 
peded generated light beam is detected by said 
second photodetector; and 

circuitry coupled to said first and second photo- 50 
detector to monitor the ratio of light intensities 
measured by said first and second photodetec- 
tors to indicate the presence of particulate 
within an introduced fuel flow; and 

55 

at least one remote unit for transmitting signals 
generated from said first and second photode- 
tectors; 



a central station: and 
a communications link. 

16. A remote in-line particulate detector in accord- 
ance with clause 15. wherein said signals represent 
tight intensities measured by said first and photode- 
tectors. 

17. A remote in-line particulate detector in accord- 
ance with clause 15. wherein said remote system 
comprises a central interface coupled to said at 
least one remote unit, wherein said central interface 
is adapted to control communications between said 
central station and said at least one remote unit. 

18. A remote in-line particulate detector in accord- 
ance with clause 15. wherein said communications 
link comprises a radio frequency (RF) front end. 

19. A remote in-line particulate detector in accord- 
ance with clause 15 wherein said communication 
link comprises a satellite. 

20. A remote in-line particulate detector in accord- 
ance with clause 15, wherein said communication 
link comprises a link. 

21. A remote in-line particulate detector in accord- 
ance with clause 15 wherein said remote system 
further comprises an antenna. 

22. A remote in-line particulate detector in accord- 
ance with clause 15 wherein said remote system 
further comprises at least one user interface 
device. 

23. An in-line particulate detector comprising: 

a housing having an inner flow portion, which 
housing is removably disposable between 
adjacent portions of pipeline to permit a fuel 
flow from a fuel source through said inner flow 
portion to a fuel consumer: 

a means for emitting a light beam within said 
inner flow portion; 

a first means for detecting substantially full 
strength of an unimpeded light beam gener- 
ated by said means for emitting; 

a second means for detecting a baseline level 
of unimpeded light beam generated by said 
means for emitting; and 

a means for comparing the light intensities 
detected by said first and second means for 
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detecting, to determine the presence of partic- 
ulate within an introduced flow. 

24. An in-line particulate detector in accordance 
with clause 23. wherein said flow is natural gas. 5 

25. An in-line particulate detector in accordance 
with clause 23. wherein said flow is selected fronn 
the group consisting of propane, hexane. heptane, 
gas derived fronn coal, and methane. io 

26. An in-line particulate detector in accordance 
with clause 23. wherein a fuel containing particu- 
lates will cause a generated light beam to be scat- 
tered, and the light intensity measured by said 75 
second means for detecting will increase above the 
baseline level and the light intensity reaching said 
first means for detecting will decrease. 

27. An in-line particulate detector in accordance 20 
with clause 23. wherein a control structure is input- 
ted into said circuitry. 

28. An in-line particulate detector in accordance 
with clause 27, wherein said control structure is 25 
inputted into said circuitry by programming into 
memory of an application specific integrated circuit. 

29. An in-line particulate detector in accordance 
with clause 27. wherein said control structure is 30 
inputted into said circuitry by being embedded in 

the form of algorithms in one or more computers. 

30. An in-line particulate detector in accordance 
with clause 29. wherein said computer is selected 35 
from the group consisting of a workstation, a mini- 
computer, a microcomputer, and a supercomputer. 

31. An in-line particulate detector in accordance 
with clause 27, wherein said control structure is 40 
programmed in a language selected from the group 

of C. C++. Basic. MATLAB. and FORTRAN. 

32. An in-line particulate detector in accordance 
with clause 27, wherein said control structure com- 45 
prises the method step of: 

comparing the ratio of light intensities meas- 
ured by said first and second photodetectors to . 
a setpoint ratio. so 

33. An in-line particulate detector in accordance 
with clause 32. wherein said ratio of light intensities 
exceeds said setpoint ratio and said circuitry initi- 
ates a system control. 55 

34. An in-line particulate detector in accordance 
with clause 33, wherein said system control is to 



limit a turbine engine to low load operation. 

35. An in-line particulate detector in accordance 
with clause 33. wherein said system control is an 
algorithm to look at system anomalies. 

36. An in-line particulate detector in accordance 
with clause 33. wherein said system control is the 
activation of an alarm. 

37. An in-line particulate detector comprising: a 
housing having an inner flow portion; 

a light source disposed within said housing for 
emitting a light beam within said inner flow por- 
tion; 

a first photodetector disposed within said hous- 
ing positioned opposite and substantially nor- 
mal to said light source such that substantially 
full strength of an unimpeded generated light 
beam is detected by said first photodetector; 

a second photodetector disposed within said 
housing adjacent said first photodetector posi- 
tioned such that a baseline level of an unim- 
peded generated light beam is detected by said 
second photodetector; and 

circuitry coupled to said first and second photo- 
detector to monitor the ratio of light intensities 
measured by said first and second photodetec- 
tors to Indicate the presence of particulate 
within an introduced flow. 

38. An in-line particulate detector for insertion 
within a pipeline, said detector comprising: 

a light source to be disposed within said pipe- 
line for emitting a light beam within an inner 
flow poriton of said pipeline; 

a first photodetector to be disposed within said 
pipeline positioned opposite and substantially 
normal to said light source such that substan- 
tially full strength of an unimpeded generated 
light beam is detected by said first photodetec- 
tor; 

a second photodetector to be disposed within 
said pipeline adjacent said first photodetector 
postioned such that a baseline level of unim- 
peded generated light beam is detected by said 
second photodetector; and 

circuitry coupled to said first and second photo- 
detector to monitor the ratio of light intensities 
measured by said first and second photodetec- 
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tors to indicate the presence of particulate 
within an Introduced flow. 

Claims 

1. An in-line particulate detector comprising: 

a housing having an inner flow portion, which 
housing is removably disposable between 
adjacent portions of pipeline to permit a fuel w 
flow from a fuel source through said inner flow 
portion to a fuel consumer; 

a light source disposed within said housing for 
emitting a light beam within said inner flow por- is 
tion; 

a first photodetector disposed within said hous- 
ing positioned opposite and substantially nor- 
mal to said light source such that substantjally 20 
full strength of an unimpeded generated light 
beam is detected by said first photodetector; 

a second photodetector disposed within said 
housing adjacent said first photodetector post- 25 
tioned such that a baseline level of an unim- 
peded generated light beam is detected by said 
second photodetector; and 

circuitry coupled to said first and second photo- 30 
detector to monitor the ratio of light intensities 
measured by said first and second photodetec- 
tors to indicate the presence of particulate 
within an introduced fuel flow. 



2. An in-line particulate detector in accordance with 
claim 1. wherein said flow is natural gas, 

3. An in-line particulate detector in accordance with 
claim 1. wherein said flow is selected from the 
group consisting of propane, hexane. heptone. gas 
derived from coal, and methane. 

4. A remote in-line particulate detector comprising: 



35 



40 



45 



a housing having an inner flow portion, which 
housing is removably disposable between 
adjacent portions of pipeline to permit a fuel 
flow from a fuel source through said inner flow 
portion to a fuel consumer: 50 

a light source disposed within said housing for 
emitting a light beam within said inner flow por- 
tion: 



a first photodetector disposed within said hous- 
ing positioned opposite and substantially nor- 
mal to said light source such that substantially 



55 



full strength of an unimpeded generated light 
beam is detected by said first photodetector: 

a . second photodetector disposed within said 
housing adjacent said first photodetector posi- 
tioned such that a baseline level of an unim- 
peded generated light beam is detected by said 
second photodetector; and 

circuitry coupled to said first and second photo- 
detector to monitor the ratio of light Intensities 
measured by said first and second photodetec- 
tors to Indicate the presence of particulate 
within an Introduced fuel flow; and 

at least one remote unit for transmitting signals 
generated from said first and second photode- 
tectors; 

a centra! station; and 
a communications link. 

5. A remote in-line particulate detector In accordance 
with claim 4. wherein said signals represent light 
intensities measured by said first and photodetec- 
tors. 

6. A remote in-line particulate detector in accordance 
with claim 4, wherein said remote system com- 
prises a central interface coupled to said at least 
one remote unit, wherein said central interface Is 
adapted to control communications between said 
central station and said at least one remote unit. 

7. An in-line particulate detector comprising: 

a housing having an inner flow portion, which 
housing is removably disposable between 
adjacent portions of pipeline to permit a fuel 
flow from a fuel source through said Inner flow 
portion to a fuel consumer; 

a means for emitting a light beam within said 
Inner flow portion; 

a first means for detecting substantially full 
strength of an unimpeded light beam gener- 
ated by said means for emitting; 

a second means for detecting a baseline level 
of unimpeded light beam generated by said 
means for emitting; and 

a means for comparing the light intensities 
detected by said first and second means for 
detecting, to determine the presence of partic- 
ulate within an introduced flow. 
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8, An in-line particulate detector in accordance with 
claim 7, wherein said flow is natural gas. 

9, An in-line particulate detector comprising: 

5 

a housing having an Inner flow portion; 

a light source disposed within said housing for 
emitting a light beam within said inner flow por- 
tion: ^0 

a first photodetector disposed within said hous- 
ing positioned opposite and substantially nor- 
mal to said light source such that substantially 
full strength of an unimpeded generated light /5 
beam is detected by said first photodetector; 

a second photodetector disposed within said 
housing adjacent said first photodetector posi- 
tioned such that a baseline level of an unim- 20 
peded generated light beam is detected by said 
second photodetector; and 

circuitry coupled to said first and second photo- 
detector to monitor the ratio of light intensities 25 
measured by said first and second photodetec- 
tors to indicate the presence of particulate 
within an introduced flow. 

10, An in-line particulate detector for insertion within a 30 
pipeline, said detector comprising: 

a light source to be disposed within said pipe- 
line for emitting a light beam within an Inner 
flow poriton of said pipeline; 35 

a first photodetector to be disposed within said 
pipeline positioned opposite and substantially 
normal to said light source such that substan- 
tially full strength of an unimpeded generated 40 
light beam is detected by said first photodetec- 
tor; 

a second photodetector to be disposed within 
said pipeline adjacent said first photodetector 45 
postioned such that a baseline level of unim- 
peded generated light beam Is detected by said 
second photodetector; and 

circuitry coupled to said first and second photo- so 
detector to monitor the ratio of light intensities 
measured by said first and second photodetec- 
tors to indicate the presence of particulate 
within an introduced flow. 
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